• The interatrial band (Bachmann's bundle) is a distinct and constant structure which connects the two atria ventrally. 1 Because it is the shortest and most direct route between the atria, conduction of the cardiac impulse from the right to the left atrium is said to occur through this band primarily. 2 The classical concepts of atrial activation, developed by Lewis et al., s do not exclude the interatrial band. Here, as in all atrial muscle, impulse spread is held to be syncytial and without the intervention of specialized conducting fibers.
Recently, Robb and Petri 4 and James 5 described fibers with the histologic characteristics of Purkinje tissue extending in three distinct tracts from the sinus node to the atrioventricular node. One of these, the anterior internodal tract, branches to the left atrium through Bachmann's bundle. In view of these observations, it seemed pertinent to study the electrophysiological characteristics of the interatrial band to detect any functionally specialized fiber types and on the basis From the Department of Pharmacology, College of Physicians and Surgeons, Columbia University, New York, New York.
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Accepted for publication October 28, 1965. of the findings to reconsider a fundamental aspect of atrial impulse conduction.
Methods

A. STUDIES OF THE ATRIA IN SITU
Fourteen mongrel dogs weighing 14 to 21 kg were anesthetized with intravenous sodium pentobarbital, 30 mg/kg. Artificial ventilation was provided by a Palmer pump and room air.
In most experiments, the heart was exposed by a midsternal incision; in some, a right lateral thoracotomy was used. Electrode plaques, each containing five silver contacts 1 mm apart, were sutured to the epicardial surfaces of the right and left atrial appendages and right ventricle. A similar electrode plaque, modified with a groove to accommodate Bachmann's bundle, was inserted posterior to the origin of the great vessels and positioned over the interatrial band (IAB in fig.  1A ). This was held in place without suturing by two pairs of ligatures which extended anteriorly across the aorta and main pulmonary artery. In most experiments, after determination of the point of initial negativity with an exploring electrode, a recording electrode was sutured over the appropriate area of the sinus node. Bipolar electrograms from the area of the sinus node (SN), right atrial appendage (RAA), interatrial band (IAB), left atrial appendage (LAA) and right ventricle (RV), and a lead n electrocardiogram were monitored on an eight channel switched beam oscilloscope (Electronics for Medicine) and photographed on paper moving at 100 mm/sec. All intervals were measured with a comparator.
Three approaches were used in studying the atrium in situ: 1) The morphology of the bipolar electrogram recorded from the interatrial band was analyzed for a double intrinsic deflection which might indicate the presence of underlying fibers activated at two different times. 2) In order to tax interatrial conduction, each atrium was driven at increasingly rapid rates, using stimuli of twice threshold intensity and 5 msec duration delivered by a pair of Tektronix pulse and waveform generators. Changes in the configuration and cycle length of the electrogram complexes were observed. 3) Potassium was infused intravenously as a solution of 40 to 60 meq KG in 500 ml isotonic saline at a rate of 4 to 8 ml/min until atrial arrest with a sinoventricular rhythm ensued. At this point, the presence or absence of electrical activity in the IAB electrogram was noted and compared or contrasted with the electrograms recorded from other atrial sites.
B. STUDIES OF THE ATRIA IN VITRO
Young dogs under six months of age and weighing 1.2 to 2.5 kg were anesthetized with intraperitoneal sodium pentobarbital, 40 mg/kg. The chest was rapidly opened by a midsternal incision and the heart removed. The atria were dissected from the remainder of the heart at the atrioventricular ring. Further dissection yielded a preparation consisting of the right atrial appendage and superior portion of the right atrium including a part of the superior vena cava, the interatrial band, and the left atrial appendage (fig. IB). The initial manipulations were done in a dissecting dish containing oxygenated Tyrode solution. The tissue was then transferred to a bath maintained at 35 to 37°C and perfused with Tyrode solution equilibrated with 95% oxygen and 5% carbon dioxide. It was mounted in such a way that the crest of the interatrial band faced upward, with the extended appendages pinned to the underlying wax. Composition of the control Tyrode solution, in mmoles/liter, was: NaCl 137, NaHCO., 12; KC1 2.7; CaCU 2.7;
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FIGURE IB
Sketch of the isolated preparation of the atria including RAA, anterior internodal tract (AIT), SVC, IAB, and LAA. The crest of the interatrial band is indicated by broken lines. The AIT is indicated by a pair of regularly dashed lines extending from the auriculo-caval angle and merging with the crest of the IAB. NaH 2 PO 4 1.8; MgCU 0.5; and glucose 5.5. Transmembrane potentials were recorded from epicardial sites through glass ultramicroelectrodes filled with 3 M KC1. Cathode followers with input capacity neutralization (Bioelectric Instruments) and a dual beam oscilloscope (Tektronix) were used. The maximum rising velocity of the upstroke of the action potentials was determined by electronic differentiation. In order to calibrate membrane potential, a 100 mv rectangular pulse was injected between the preparation and ground. Calibration of the first derivative of the action potential upstroke was accomplished by differentiating sawtooth inputs of known amplitude and duration which were injected between the preparation and ground. The amplitude of the differentiated signal was linearly related to the rate of change of the sawtooth in the range of 0 to 500 v/sec. Photographic recordings were made with a Grass oscilloscopic camera. Driving stimuli were rectangular pulses delivered from Tektronix pulse and waveform generators, through a stimulus isolation unit, to fine silver wire electrodes coated with Teflon. These were placed epicardially in the region of the auriculo-caval angle to simulate as nearly as possible the normal sequence of activation from the sinus node.
The interatrial band and the attached portions of the right and left atria were explored and the characteristics of transmembrane potentials at these sites were recorded. The potassium concentration of the perfusing Tyrode solution was elevated to 8.5 or 10.0 mmoles/liter in several experiments by the addition of an appropriate amount of 1 M KC1, and the effect on potentials simultaneously recorded from the interatrial band and ordinary atrial muscle was noted. Acetylcholine was administered by placing in the bath a volume of concentrated solution (1 mg/ml) sufficient to achieve a final concentration of 7.5 to 10 fig/m\.
The procedure for the measurement of conduction velocity was as follows: A time reference was obtained from either the intrinsic deflection or the stimulus artifact of a fixed bipolar electrogram. A linear path in the direction of the longitudinal fibers of the band was selected with the aid of a dissecting microscope at 16x magnification. Distances were measured with an ocular micrometer calibrated at 15 div/mm, allowing a precision of greater than 0.1 mm. An exploring microelectrode was used to record action potentials from multiple points along the linear path, usually at intervals of 0.66 mm. The action potentials and electrogram were photographed with 1 msec time marks at a rapid oscilloscopic sweep speed and the time intervals measured after magnification with a photographic enlarger. Activation times thus determined were plotted against the measured distances, and conduction velocity calculated from the slope of the line obtained.
Results
A. ATRIA IN SITU Morphology of the Interatrial Band Electrogram
Electrodes placed over the His bundle or over a Purkinje-papillary muscle junction 
IAE
LAft record a distinct component attributable to the activation of underlying specialized conducting fibers, as well as a component from underlying muscle fibers. 6 If the interatrial band contains special conducting fibers in addition to ordinary atrial muscle and if thenconduction velocity and activation time are different from those of atrial muscle, one would expect two components in the interatrial electrogram, one corresponding to specialized fiber activation and the other to atrial muscle activation. Indeed, usually it was possible, by positioning the interatrial electrode carefully, to record an electrogram with two distinct positive components during normal sinus rhythm ( fig. 2) . The time interval between these two components was usually small (20 msec or less).
In one experiment ( fig. 4 ), in which the interatrial electrogram initially showed two positive components and the electrogram recorded from the sinus node area was purely negative, there was intermittent spontaneous wandering of the atrial pacemaker. This conclusion is based on the fact that the sinus node electrogram developed an initial positivity. Concurrently, the interatrial complex changed and lost its double contour and was delayed by 5 msec. That the new pacemaker location was close to the original may be inferred from the close similarity of the two varieties of the electrograms and from the identity of the rates. If interatrial conduction occurred solely through ordinary atrial muscle without the contribution of specialized fibers, then a slight change in pacemaker location would not be expected to alter the configuration of the interatrial electrogram. However, if the shift in pacemaker site resulted in earlier activation of ordinary atrial muscle and later activation of the specialized tract, this change might be understood. When the atria were paced from sites on either appendage, there was usually a similar loss of one of the complexes in the IAB electrogram.
Effect of Rapid Atrial Stimulation on the Interatrial Electrogram
When either atrium was stimulated at a rapid rate, characteristic changes in the interatrial electrogram and in the electrogram of the nondriven atrium were observed. With the duration of the driving cycle constant in the range of 130 to 170 msec, there was an alteration in the configuration of these complexes and their cycle lengths. Figure 3 shows this phenomenon in electrograms recorded from the interatrial band (IAB) and left atrial appendage (LAA) during rapid stimulation of the right atrial appendage (RAA). At a cycle length of 130 msec, there was a prominent alternation in the configuration of the IAB complexes, and a less prominent alternation at the LAA site. In the case of the IAB record, the alternation in configuration results from loss of the initial positive deflection. Alternation also occurs in the sinus node (SN) electrogram but is not pertinent to the present discussion. Less
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obvious upon direct inspection of the record itself, but apparent in measurement, is the alternation in cycle length.
From these observations, it may be inferred that excitation of the interatrial band and of the nondriven atrium occurs via two pathways the faster of which, represented by the initial positive component of the IAB complex in figure 3 , is more susceptible to failure or delay of conduction under the stress of a rapid rate. If such a dual pathway exists, then 2:1 block of the more rapidly conducting component might account for the alternation of cycle length observed at high rates. The passage of the impulse to the opposite atrium first through one path and then through both would explain the alternation in the configuration of the complexes.
Effect of Potassium Infusion on the Interatrial Electrogram
In four experiments, potassium chloride was infused intravenously in an attempt to establish the presence of specialized atrial fibers on the basis of their known greater resistance to hyperkalemia. 7 In each case, electrical activity persisted in the interatrial band electrogram at a time when activity in both atrial appendage electrograms had been abolished by the elevated potassium, and P waves had disappeared from the electrocardiogram. In three of these preparations electrodes were sutured also over the area of the sinus node. As expected, distinct electrical activity persisted in the sinus node electrograms as well as in the interatrial band electrograms during hyperkalemic atrial arrest. Each QRS complex of the electrocardiogram was preceded by a deflection in the sinus node recording, indicating a spread of excitation from sinus node to A-V node to ventricles without atrial muscle activity, i.e., a sinoventricular rhythm with presumed mediation of impulse conduction by specialized atrial fibers. In every instance, each IAB complex bore a fixed temporal relation to the preceding SN complex. marked separation of the two components of the IAB complexes. During the control period, the interval between sinus node activation and the initial positive component of the IAB complex was 9 msec, while that between sinus node activation and the terminal component of IAB was 16 msec. Following 60 meq KC1, these intervals measured 17 and 37 msec respectively. Thus, even before complete atria! arrest, the two pathways in the interatrial band showed a differential sensitivity to potassium. After 65 meq KC1 had been infused, 2:1 and then higher degrees of interatrial block appeared. While a normal sequence of complexes characterized the sinus node, right atrial, and interatrial electrograms, the left atrium responded only to every other beat or even less frequently. Later, block between sinus node and right atrium appeared, at first 2:1 and then of higher degrees. Finally, after administration of 70 meq KC1, there was complete disappearance of intrinsic electrical activity in electrograms recorded from both atrial appendages, while sinus node and interatrial electrograms continued to show regular activity ( fig. 4C ). P waves were not evident in the electrocardiogram. The minute deflections recorded in the RAA and LAA electrograms at this stage of potassium toxicity are not due to atrial activity but are extrinsic deflections resulting from ventricular activa- tion. This may be confirmed by an inspection of figure 4D, which shows a somewhat more advanced degree of potassium toxicity in the same dog, as evidenced by probable complete atrioventricular block and His bundle rhythm.
Here again, these deflections are synchronous with the less frequent and dissociated QRS complexes of the electrocardiogram. In contrast with these, an abortive atrial deflection is seen occasionally. In one of these experiments, potassium infusion resulted in ventricular fibrillation. At this point, the infusion was stopped and the animal was defibrillated with a single elec-trical countershock. The rhythm which ensued following defibrillation was a complete atrioventricular dissociation. At this time, large, wide, slow diphasic complexes were recorded in the interatrial band electrogram following each sinus node complex ( fig. 5 ). These were similar to the complexes recorded by Vassalle et al. from the sinus node area during hyperkalemia 8 and show that a sufficient elevation of extracellular K concentration does effect the specialized fibers.
These experiments, showing persistent interatrial band activity during hyperkalemic atrial arrest, indicate the presence of fibers in the interatrial band of the dog which are specialized in the sense of a greater resistance to an elevation of the external potassium concentration.
B. ATRIA IN VITRO Characteristics of the Transmembrane Potentials of Interatrial Band Fibers
Several special characteristics of the transmembrane potentials recorded from single fibers of the interatrial band distinguished them from records obtained from ordinary atrial muscle fibers ( fig. 6A ). There was always a distinct plateau, unlike potentials of ordinary atrial fibers in which very little or no plateau was present. The maximum rising velocity of the upstroke of the action potential (dv/dt) was rapid, attaining values of up to 630 volts/sec ( fig. 6B and C) . These fibers also tended to have a greater transmembrane resting potential (to -95 mv), greater action potential amplitude (to 130 mv) and more prominent overshoot ( fig. 7) . Such fibers were located epicardially in a distribution consistent with the gross anatomic appearance of the interatrial band. If the microelectrode penetrated deeper than 1 to 5 cells, ordinary atrial potentials with lesser plateaus and upstroke velocities were obtained. This might have resulted from inadequate perfusion of fibers located far from the surface, but we do not believe that this is the case.
In some preparations, it was possible to Transmembrane potentials (middle trace) recorded from ordinary atrial muscle (A), superficial cells in IAB (B and C), and AIT (D). A and B were obtained from the same preparation. The maximum rates of rise of the upstroke are shown in A, B, and C, as the peak of the differentiated signal in the lower trace which was recorded at a greater sweep velocity. Time marks at intervals of 10 msec (upper trace).
identify grossly the anterior internodal tract, which branches to Bachmann's bundle before entering the anterior portion of the interatrial septum on its course to the atrioventricular node. 5 Potentials obtained from this tract showed the same characteristics as those from the interatrial band ( fig. 6D) .
In regions where the interatrial band merged with ordinary atrial muscle, such as the ventro-medial surface of the left atrial appendage, transitional fibers were observed with a less prominent plateau and lower upstroke velocity. Preparations subjected to prolonged isolation in the bath showed loss of the plateau phase.
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Diastolic depolarization, a characteristic of automatic fibers, never was observed in records of the transmembrane potentials of fibers in the interatrial band. Warming (40°C), lowering the potassium concentration of the perfusate, and administration of epinephrine failed to induce diastolic depolarization.
.Response to Acetylcholine
In terms of resting potential, plateau duration, and rising velocity, fibers of the interatrial band resembled ventricular Purkinje fibers. In order to test whether this resemblance included a lack of sensitivity to acetylcholine, this substance was administered in several experiments. A typical effect is shown Effects of acetylchoUne on the resting and action potentials of an ordinary atrial muscle fiber (the smaller AP with minimal plateau) and a fiber in the interatrial band (the large AP with distinct plateau). Upstrokes of AP retouched. Differentiated upstroke of the AP of the fiber in the IAB is shown on the lowest trace, which is recorded at a greater sweep velocity.
in figure 8 , in which the action potential recorded from the fiber in the interatrial band shortened markedly with loss of the plateau. While the effect was somewhat less than that Effects of elevation of the concentration of potassium in the perfusate on the action potentials recorded from an ordinary atrial muscle fiber (the smaller AP with minimal plateau) and a fiber in the IAB (the larger AP with distinct plateau)-In panels C and D the ordinary atrial muscle fiber is quiescent whereas the fiber from the IAB remains excitable. In panel E, the rate of stimulation was increased producing 2:1 block of ordinary atrial muscle.
seen in the simultaneously recorded atrial action potential, and while it appeared later and recovered sooner, there was nevertheless a definite response. This indicates an important difference between fibers of the interatrial band and ventricular Purkinje fibers.
Response to High Extracellular Potassium Concentration
In order to confirm the relative insensitivity of these fibers to potassium observed in the whole dog, the potassium concentration of the perfusing Tyrode solution was elevated to 8.5 to 10.0 mmoles/liter. Ordinary atrial muscle fibers showed complete arrest of propagated activity at these concentrations, while fibers of the interatrial band were still capable of generating effective action potentials ( fig. 9 ). Restoration of the concentration of potassium to the control level resulted in resumption of atrial activity, but before full recovery the atrial fibers were more susceptible to conduction block during stimulation at increased rates ( fig.9E ).
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Conduction Velocity
Conduction velocity was measured along linear paths in the interatrial band and in the body and appendage of the left atrium. Sequential activation times obtained with an exploring microelectrode were plotted against linear distance; conduction velocity was calculated from the slope of the line obtained. Comparative measurements of interatrial and ordinary atrial conduction velocities were always made in the same preparation under the same conditions. Because measurements of the velocity of conduction are spurious unless the path explored by the electrode has the same direction as the wave of excitation, no measurements were considered valid unless the plot obtained showed little scatter and was fitted well by a straight line. Samples of the data from which such measurements were made are shown in figure 10 . Conduction velocity in the interatrial band, measured in the normal direction of activation (right to left), was always 2 to 4 times that recorded on a linear path in the left atrium proper. The range of values obtained was 0.9 to 1.7 m/sec for the IAB and 0.3 to 0.5 m/sec for atrial muscle. Highest values were obtained along the crest of the band, and DISTANCE (mm) 9-8 - Plot of sequential activation times of points on a linear path extending along the IAB and into ordinary atrial muscle of the left appendage. The values for conduction velocities were obtained from the slopes of the lines fitting the observed points.
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intermediate values from paths located off the crest or in areas transitional to atrial muscle . 11).
Linear Versus Transverse Propagation in the Interatrial Band
In another study, 9 it was found that conduction velocity in the interatrial band was 1 m/sec in a direction parallel to the crest of the band but only 0.2 m/sec in a transverse direction. That investigator drew isochronous lines representing a spread of the activation wave transversely from the crest. To test the validity of this representation, we employed two microelectrodes, one of which was inserted on the crest of the IAB and another at the same transverse level but somewhat off the crest. With stimulating electrodes on the right atrium in the area of the sinus node, the difference in the activation times of the two points was recorded. Then, the electrode on the crest was used for both stimulating and recording by means of a balanced bridge circuit. It was found that with right atria! stimulation the activation time of the point off the crest differed markedly from that recorded when the point on the crest was stimulated directly (fig. 12) . The difference DIST mm g. 
Left panel: plots of sequential activation times on linear paths along the IAB and extending into ordinary atrial muscle of the left appendage. The upper path (open circles) leas on the crest of the IAB, whereas the lower path (filled circles) was 0.13 mm below the crest. Right panel: sequential activation times of points on a path of transitional fibers located at the junction of the interatrial band and left atrial appendage (filled triangles) and points on a linear path on the left appendage (open triangles). All data obtained from the same preparation.
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Effect of site of stimulation on relative activation times of two points at the same transverse level of the IAB, one on the crest and the other below the crest. Panel A shows the interval between the upstrokes of the action potentials when the preparation was stimulated from the usual site near the sinus node. The earlier AP is that of the fiber on the crest of the band. In panel B the fiber on the crest was stimulated through the microelectrode and the AP recorded through the same electrode by means of a balanced bridge circuit. The later AP is again recorded from the fiber below the crest. The sweep speed for the two panels was identical, but superimposition of the time marks in panel A occurred.
in activation time is much greater than could be accounted for by "latency" at the point of stimulation of a fully repolarized fiber. 28 This demonstrated that, with right atrial stimulation, activation of the point off the crest did not proceed transversely from the fibers of the crest, but arrived by a different path. Thus, calculation of a transverse conduction velocity across the interatrial band is not meaningful in terms of the actual direction of the wave of activation.
In addition, it was found that the deeper fibers of the interatrial band were often activated significantly later than the first layer. On penetration of the microelectrode to the second or third fiber we often recorded marked delays in activation time as shown in figure 13 . These observations indicated that the rapidly conducting fibers are located superficially on the crest of the interatrial band, and apparently have relatively few communications with deeper fibers and those off the crest. 
Activation Times and Conduction Velocities in the Anterior Intemodal Tract, Interatrial Band, and Adjacent Atrial Muscle
In two preparations, the superficially visible portion of the anterior intemodal tract was studied. Conduction velocity was found to be rapid, 1.8 m/sec ( fig. 14) . A map of the activation times obtained in one of these experiments is given in figure 15 . Two significant facts are evident from this figure. First, activation of the anterior intemodal tract and interatrial band was very rapid. Second, areas of right atrium, despite their proximity to the stimulating electrodes, were activated simul-DIST. Sequential activation times of points along a linear path in the anterior internodal tract.
taneously with or even later than more distant points located well along the interatrial band or in the left atrium. These data demonstrated clearly that the activation wave arrived at the left atrium not through uniform spread via an atrial syncytium, but through intervening specialized conducting fibers of the interatrial band.
Discussion
Bachmann in 1916 first called attention to the interatrial band as a structure of particular importance in interatrial conduction. 1 After clamping this band with a hemostat, he observed a delay in the interatrial conduction in the dog, as determined from kymographic recordings of the mechanical activity of each atrium. Although he referred to the interatrial band as a "special structure" with a "special function," he did not indicate that its function was mediated through specialized conducting fibers in the same sense that we use this term today. Indeed, the feeling of most investigators, as expressed by Scherf and Cohen in their recent monograph, 2 is that the interatrial band is purely a muscular connection, and simply the most direct route from right to left atrium. Rothberger and Scherf obtained results similar to Bachmann's after clamping the interatrial band, and in addition recorded P wave changes, widening and notching, consistent with interatrial block. 10 Condorelli, by ligating the artery to Bachmann's bundle, also produced an increased interatrial delay. 11 More recently, Matsuoka achieved a delay between electrograms recorded from both atria by ligating or cauterizing the interatrial band. 12 In none of these experiments, however, did complete interatrial block occur, indicating that the clamping, ligation or cautery may have interrupted only the specialized component and unmasked the ordinary atrial component of a two-component interatrial band pathway. The other possibility is that there Map of activation times of many points on the anterior internodal tract (enclosed by dashed lines), IAB, and ordinary atrial muscle of right and left atria. The stimulating electrodes-(Stim) were placed at the auriculocaval angle. The cluster of four points below the fork of the AIT actually represents two recording sites about 150 n apart, each of which has two distinct activation times. Each of the other recording sites had one consistent activation time on repeated measurement. The activation times are given in msec from onset of the stimulus. are other pathways which may conduct the impulse between the atria when the preferential path in the interatrial band is interrupted. Pertinent to the question of alternate interatrial connections, Papez, in his detailed anatomic study of the atria, noted that the muscle bundles of the two atria were quite separate posteriorly, and the two sides of the interatrial septum were well separated by the median septal raphe. 13 Even considering the sparse connections in the anterior portion of the interatrial septum above the A-V node which were confirmed by James, 5 the interatrial band is established anatomically as the predominant connection between the atria.
In 1961, Robb and Petri described the presence of fibers, resembling Purkinje fibers histologically, in two internodal tracts and in Bachmann's bundle of monkey embryos. 4 In 1963, James studied the anatomy of the atria in a search for specialized fiber tracts connecting the sinoatrial and atrioventricular nodes/' He found, on both gross and histologic examination, that three such tracts were consistently present in the human heart. One of these, the anterior internodal tract, gives off a branch which courses through the interatrial band (Bachmann's bundle) and eventually terminates in the ventral portion of the left atrial appendage. These tracts, including the one in Bachmann's bundle, consist abundantly but not entirely of fibers with Purkinje characteristics. Hence, anatomic evidence is present for a preferential, histologically specialized, pathway between the sinus node and the left atrium.
It is evident, then, that the interatrial band is a structure uniquely suited to the examination of two fundamental and related questions regarding atrial activation: 1) Do specialized conducting fibers, analogous to Purkinje fibers of the ventricles, play any significant role in atrial impulse conduction, and 2) is atrial impulse propagation one of uniform spread through a functional syncytium, as classically represented?
Both of these questions have been the source of extensive dispute for many years. The existence of Purkinje-like fibers in the Circulation Research, Vol. XVIII, May 1966 atria has been confirmed 5 ' 14 ' 15 and denied 1 ** 18 in various studies. An illustration of the heat of the debate is the statement of Todd, regarding the view that atrial musculature is homogeneous and lacking in specialized fibers: "This description is one of the most garbled perversions of fact in modern science, salted with a tiny pinch of truth to give it the tang of verity." 15 The experiments mapping atrial activation in the dog, done originally by Lewis et al. 3 have been cited as evidence for radial or syncytial spread of activation in the atria, and against specialized conducting fibers. Soon after this opinion was expressed, a polemic developed between Sir Thomas Lewis and the eminent physiologists, J.A.E. Eyster and W.J. Meek. 19 The latter investigators could not reconcile a uniform radial propagation with observations that the impulse reached the A-V node before it reached the coronary sinus or body of the right atrium, 20 or with the occurrence of atrioventricular dissociation following discrete lesions in the vicinity of the sinus node which left considerable atrial muscle intact. 21 They felt that specialized fibers were important in atrial and sinoventricular conduction. Later mapping experiments by Puech et al. were also held to support the radial spread concept. 22 However, even these observers noted that two zones, the intercaval area and the interatrial band, conducted the impulse with extreme ease. They conceded that the problem of specialized fibers in these areas was not solved by their experiments.
The data obtained in the present study indicate that the interatrial band is not a homogeneous structure, but contains two fiber types. This is evident from the double intrinsic deflections recorded from the band in situ, as well as from the alternation which occurred at rapid rates of stimulation. That this inhomogeneity is due to the presence of a fiber type different from ordinary atrial muscle is apparent even in experiments performed on the whole dog, from the persistence of activity in this structure at a time when other atrial muscle was arrested by potassium. The use of potassium chloride infusions to reveal the presence of specialized atrial fibers is based on in vitro studies on rabbit atria conducted by de Mello and Hoffman in I960. 7 They found that fibers of the sinoatrial and atrioventricular nodes and sinoatrial ring bundle in this species showed both a greater resistance to depolarization in a high external potassium concentration and a greater ability to generate effective action potentials at comparable levels of potassium induced depolarization. This observation was first utilized in vivo in the dog by Davis and Hoffman, 23 who found double electrogram complexes along the venous border of the right atrium and showed that activity persisted in this area when hyperkalemia had made other parts of the atria inexcitable and when P waves had disappeared from the electrocardiogram. Vassalle et al. 8 found that hyperkalemia often caused the P waves to disappear from the electrocardiogram when the sinus node electrogram still demonstrated distinct complexes preceding the ventricular complexes. The implication was that, at a time when atrial muscle was rendered inexcitable by potassium, the specialized fibers were not, and the impulse was proceeding via these from the sinus node to the A-V node and ventricles. Our data are an extension of these observations to the interatrial band.
The experiments in vitro further confirmed the fact that specialized fibers, as well as ordinary atrial muscle fibers, exist in the interatrial band. The former are distinguishable from ordinary atrial muscle by transmembrane potential characteristics, differential sensitivity to potassium, and a capacity for rapid conduction. The conspicuous plateau is a prominent feature of transmembrane potentials recorded from these fibers and was first noted by Horiba in 1963. 9 It is also seen in records from fibers of the sinoatrial ring bundle of the rabbit 24 and the crista terminalis of the dog, which were shown to have conduction velocities of 1.5 m/sec. 23 ' 26 Since we also observed this prominent plateau in records from fibers of the proximal portion of the anterior internodal tract, it is probably a consistent distinguishing property of this group of rapidly conducting fibers. Another prominent feature of these fibers is the rapid upstroke velocity of the transmembrane action potential. This is particularly significant in view of the importance of this parameter as a determinant of conduction velocity. The maximal rising velocities observed were only slightly less than the values reported for Purkinje fibers, 27 which are generally acknowledged to be the most rapidly depolarizing and fastest conducting fibers in the heart. The conspicuous plateau, the rapid rising velocity of the action potential, the greater transmembrane resting and action potentials and the relative insensitivity to potassium arrest all indicate special properties of the membrane of these fibers which differ from the membrane of ordinary atrial muscle. In addition, the higher conduction velocity indicates a true functional specialization for the rapid conduction of activation from the right to the left atrium. The specialized fibers of the rabbit atrium described by Paes de Carvalho, de Mello, and Hoffman 24 were characterized by the ability to undergo spontaneous diastolic depolarization. In a previous study of the interatrial band, 0 a conduction velocity greater than that of atrial muscle was observed, but the fibers were not called specialized fibers because they did not show diastolic depolarization. Despite the absence of observable diastolic depolarization in the present experiments, it is felt that these are specialized fibers. Lack of automaticity does not exclude specialization for another function, i.e., conduction.
The detailed exploration possible with microelectrodes makes it apparent that the wavefront of activation across the interatrial band is not uniform in a plane perpendicular to the long axis of the band. Classical concepts of spread of atrial activation in a multibranched syncytium would predict that closely adjacent points must be activated nearly simultaneously and that the wavefront should consequently have a uniform contour. In a relatively narrow band of tissue such as the interatrial band, the contour of the wave-
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SPECIALIZED CONDUCTING FIBERS 517 front should approximate the form of a plane perpendicular to the long axis of the band. This, however, was not observed. Rather, there was a rapid activation, at a uniform velocity, of points on the crest of the band, and a less rapid but also uniform velocity of activation of points located at a constant distance from the crest but parallel to it. Activation times were markedly different not only transversely but in depth. Impulse spread in the interatrial band, therefore, is not radial, or homogeneous, or syncytial, but occurs rather through multiple relatively independent linear paths with probably infrequent cross-communications.
Summary
The interatrial band (Bachmann's bundle) was studied both in situ, in the adult dog, and in vitro, using excised canine atria. Electrograms recorded from this structure in the intact animal had a double intrinsic deflection during sinus rhythm, and responded to rapid rates of atrial stimulation with alternation in both configuration and cycle length. Potassium infusions which produced atrial arrest with a sinoventricular rhythm did not abolish electrical activity in the interatrial band.
Single fibers of the interatrial band, studied in vitro with microelectrodes, had distinctive transmembrane potentials different from those of ordinary atrial muscle fibers. Action potentials were characterized particularly by a high rising velocity (maximum dv/dt), of the same magnitude as that recorded from Purkinje fibers, and a prominent plateau. These fibers were sensitive to acetylcholine and more resistant to potassium arrest than ordinary atrial fibers. Conduction velocity in the interatrial band was consistently higher than in ordinary atrial muscle. Plots of sequential activation time against linear distance showed different conduction velocities in parallel linear paths, with the highest velocity in the path on the crest of the interatrial band. Due to rapid conduction through the interatrial band, simultaneous activation of right and left atrial points was demonstrated.
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It is concluded: 1) The interatrial band is not a homogeneous structure, but contains two fiber types. 2) In addition to ordinary atrial muscle, specialized conducting fibers are present in the interatrial band. 3) Impulse spread in the interatrial band is not radial or uniform. Rather, it occurs through several linear paths which probably have infrequent cross-connections.
